PCR-based multiplex gastrointestinal (GI) pathogen panels have started to replace stool culture and ova and parasite exam as a rapid and accurate means of diagnosing acute gastroenteritis. However, there are limited data on the impact of panel testing on patient outcomes. The objective of this study was to evaluate the management and health care utilization of patients following GI panel compared with conventional stool testing. We performed a retrospective comparative analysis of 9,402 patients who underwent testing with the FilmArray GI panel from March 2015 through May 2017 and 5,986 patients who underwent conventional stool testing from December 2012 through February 2015. GI panel was positive in 2,746 exams (29.2%) compared with 246 exams (4.1%) with conventional testing. Within 30 days following stool testing, compared with patients who received a conventional stool test, patients who received a GI panel were less likely to undergo any endoscopic procedure (8.4% GI panel versus 9.6% stool culture, P ϭ 0.008) or any abdominal radiology (29.4% GI panel versus 31.7%, P ϭ 0.002). Within 14 days following stool testing, patients who received a GI panel were less likely to be prescribed any antibiotic (36.2% GI panel versus 40.9%, P Ͻ 0.001). The implementation of multiplex PCR stool testing was associated with a reduction in the utilization of endoscopy, abdominal radiology, and antibiotic prescribing.
allow for the identification of specific organisms not previously and readily diagnosable by the clinician. Clinical accuracy studies have demonstrated the superiority of multiplex PCR stool testing in producing a greater number of pathogen-positive findings than conventional testing (11, 12) .
Despite the recent and widespread uptake of multiplex PCR stool testing in clinical practice, there is considerable uncertainty regarding the clinical importance of additional pathogen-positive findings and the utilization impact of such testing on the management of patients. In the present study, focusing on endoscopy, abdominal radiology, and antibiotic utilization, we sought to compare the management of patients following conventional stool testing compared with the management of patients following multiplex PCR stool testing.
MATERIALS AND METHODS
Study population and variables. We performed a cross-sectional study using the electronic medical records of patients at New York Presbyterian-Columbia University Medical Center, a quaternary care institution in New York City that serves patients from the surrounding urban area, the tristate region (New York, New Jersey, and Connecticut), as well as people seeking care from more distant regions. In March of 2015, our institution switched from stool testing using culture to stool testing using a gastrointestinal (GI) panel (i.e., after this date, culture was no longer available). We identified all outpatients and inpatients who underwent stool testing with a FilmArray GI pathogen panel (BioFire Diagnostics, Salt Lake City, UT) during the 26-month period spanning March 31, 2015 through May 9, 2017. We then identified all outpatients and inpatients who underwent conventional stool testing with a stool culture with and without an ova and parasites exam or enzyme immunoassay (EIA) for rotavirus and adenovirus 40/41 during the 26-month period spanning December 1, 2012 to March 30, 2015.
We recorded the following values from the medical record: stool test, date of stool test, stool-testing results, date of birth, zip code, place of PCR test (e.g., emergency department, outpatient visit, inpatient hospitalization, and endoscopy), sex, race, ethnicity, length of stay (LOS) if inpatient, and presence of inflammatory bowel disease (IBD), celiac disease, or HIV using International Classification of Diseases (ICD) coding.
Conventional stool testing included stool culture with blood, MacConkey, Hektoen-enteric, cefsulodinirgasan-novobiocin, Campylobacter selective, thiosulfate citrate bile salt, and sorbital MacConkey agars (BD). The stool ova and parasite exam included Giardia and Cryptosporidium spp. antigen testing (Meridian Biosciences, Inc., Cincinnati, OH), as well as modified acid-fast staining. Viral testing was performed for rotavirus and adenovirus 40/41 antigens by EIA (Premier Rotaclone and Adenoclone; Meridian Biosciences, Inc., Cincinnati, OH).
Outcomes and statistical analyses. Our primary outcome was clinical utilization following a stool test. We measured for associations between variables with stool test results via the chi-square test for categorical variables and the Student's t test for continuous variables. All tests were considered significant at a 2-sided P value less than 0.05. SPSS software (IBM) was used to perform all statistical analyses. The study was approved by the Columbia University Medical Center Institutional Review Board.
RESULTS
We identified 5,986 patients who underwent a conventional stool culture (3,379, 56.4%) or stool culture with ova and parasites exam (2, 607, 43 .6%) between December 2012 and February 2015, including 561 patients (9.4%) who were also tested for rotavirus and adenovirus by EIA. We then identified 9,402 patients who underwent GI panel testing between March 2015 and May 2017 ( Table 1 ). Compared with patients who underwent a GI panel, patients who underwent conventional stool testing were more likely to be older (stool culture, median 45.5 years; GI panel, median 46.7 years; P ϭ 0.001), tested during the winter (30.9% stool culture versus 24.4% GI panel, P ϭ 0.001), and seen in outpatient settings (33.2% stool culture versus 30.3% GI panel, P ϭ 0.0011).
Conventional stool testing was positive in 246 exams (4.1%) compared with 2,746 exams under PCR testing (29.2%, P Ͻ 0.001; Table S1 ). There were major differences in the distribution of pathogens detected between testing modalities ( Table 2 ). Conventional stool testing was positive for 38 viruses (15.4%), 202 bacteria (82.1%), and 9 parasites (4.3%), with Campylobacter and Salmonella species as the most commonly identified pathogens. Only 5 patients (2.0%) had multiple pathogens detected. GI panel testing was positive for 1,073 viruses (39.1%), 1,792 bacteria (65.3%), and 226 parasites (8.2%), with enteropathogenic Escherichia coli (EPEC) and norovirus as the most commonly identified pathogens ( Table 2) . A total of 783 of the 2,746 positive patients (28.5%) had multiple pathogens detected.
Within 30 days following stool testing, compared with patients who received a conventional stool test, patients who received a GI panel were less likely to undergo endoscopic evaluation (GI panel, 787, 8.4%; stool culture, 576, 9.6%; P ϭ 0.008; Table 3 ) or any abdominal radiology (GI panel, 2,760, 29.4%; stool culture, 1,897, 31.7%; P ϭ 0.002). Within 14 days following stool testing, compared with patients who received a conventional stool test, patients who received a GI panel were less likely to be prescribed any antibiotic (GI panel, 3,408, 36.2%; stool culture, 2,449, 40.9%; P Ͻ 0.001). No differences were seen in length of stay or emergency department visits between the two groups.
These outcome metrics reflected the higher positivity rate of the GI panel than that of the conventional stool testing. For patients in both groups, the identification of one or more pathogens (a positive result) was associated with substantially lower utilization of endoscopy, abdominal radiology, and antibiotic prescribing compared with a negative result (Table S2) .
DISCUSSION
In this retrospective study of 5,986 patients who underwent conventional stool testing from December 2012 to February 2015 and 9,402 patients who underwent a GI panel from March 2015 through May 2017, the implementation of multiplex PCR stool testing was associated with a significant reduction in the risk of receiving endoscopy, abdominal radiography, and antibiotics following a test. Overall, patients tested by PCR were 12.5% less likely to undergo endoscopy, 7.3% less likely to undergo abdominal imaging, and 11.4% less likely to be prescribed antibiotics than patients tested by conventional stool testing. The absolute risk was 1.1%, 2.3%, and 4.7% lower for endoscopy, abdominal radiology, and antibiotic prescriptions, respectively. Notably, the utilization of some procedures and imaging studies, such as colonoscopy and abdominal X ray, was actually higher in the PCR group, as some patients in that group underwent multiple procedures or imaging studies. Nevertheless, the overall risk to patients of receiving any endoscopic procedure or any abdominal imaging study was lower overall.
These utilization outcomes were likely driven by the increased sensitivity and higher (14) .
To our knowledge, our study is the largest to date examining resource utilization following multiplex PCR stool testing compared with previous, conventional testing. While the identification of a pathogen by any method resulted in decreased downstream resource utilization compared with negative testing, this effect was especially notable for antibiotic prescribing following a GI panel. This may be due to the increased ability to detect viral gastroenteritis by PCR technology. As such, a significant proportion of patients were able to avoid antibiotic exposure and its attendant risks altogether, illustrating the use of novel diagnostics in facilitating antibiotic stewardship. A prospective, multicenter study of the GI panel similarly showed that patients diagnosed by PCR were less likely to receive empirical antimicrobials (15) .
Our positivity rate was lower than other reports in the literature on multiplex PCR stool testing, ranging from 30% to more than 70%. (4, 12, 13, 16, 17) Previously, we reported data from our institution demonstrating a 35% positivity rate in outpatients and a lower positivity rate for patients with underlying diarrheal diseases, such as inflammatory bowel disease and celiac disease. (5, 7, 10, 18) We found similar propor- tions of bacterial, viral, and parasitic pathogens compared with previous data in the literature and, similarly, found a greater proportion of infections in younger patients, particularly viruses. Given our large sample size and censorship of patients with C. difficile, these results may more accurately reflect true clinical practice. It is also possible that the lower positivity rate is due to our broad inclusion criteria or, more likely, the increasing inappropriate utilization of the test, as the high number of inpatient tests suggests it may not have always been ordered for episodes of acute gastroenteritis. This may also explain the failure to identify a reduced length of stay under GI panel testing.
There are several limitations to the current study inherent to a retrospective design. Our analyses do not prove a cause and effect relationship between diarrhea, the identification of specific enteric infections, and patient outcomes. Individual patient information concerning precise presenting symptoms, medication exposures, recent travel, sexual behavior, other comorbid conditions, and precise management, including antibiotic duration after stool testing, was not available for full analysis. PCR testing may also fail to discriminate between active infection, asymptomatic colonization, and detection of nonviable nucleic acids. In addition, thresholds for testing in specific patient populations may influence the overall rate of detection, as seen, for example, among patients at our center with inflammatory bowel disease (IBD) who undergo frequent panel testing but are less likely to test positive than patients without IBD (5, 7, 18) ; however, we do not believe this would significantly influence the distribution of particular infections detected. Although the patient population was ethnically and geographically diverse, the majority of patients resided in the Northeast United States. Moreover, although we reviewed consecutive testing periods between 2012 and 2017, we cannot fully account for changes in ordering patterns over time, and patients from the two groups were tested during two separate time frames. Although differences were seen in some baseline demographics between the GI panel and the conventional testing groups, it is important to note that these differences actually favored the conventional testing group, who were younger and more likely to be outpatients and, thus, required fewer interventions, such as radiography, endoscopy, and antibiotics. Thus, the true effect size with the GI panel was diminished by these baseline differences. Despite these limitations, in this large analysis of patients who underwent stool testing, multiplex PCR was associated with modest but significant reductions in endoscopy, abdominal radiography, and antibiotic prescribing compared with conventional testing. Coupled with high sensitivity and rapid turnaround, multiplex PCR stool testing has the potential to optimize health care utilization and reduce costs, although the cost-effectiveness of multiplex assays for acute gastroenteritis has not been fully determined (12) . As the availability of multiplex PCR stool testing continues to increase, additional studies are needed to evaluate how the results of these assays inform clinical management decisions and what the overall impact is on patient and health care outcomes.
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